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SUM^Y 



Results of recent spin-tunnel tests on models of seven multi- 
engine airr^lanes are summarized and a comparison is made with 
corresponding results for representative single-engine airplanes 
loaded along the fuselage • 

The multicngine aii'plaiies give steep spins with higli rates 
of descent and high load factors . Movement of the elevators doim 
and of ailerons against the spin is especially effective for recovery. 
The rudder may he relatively less effective • For spins of single- 
engine airplanes loaded along the fuselage, the rudder is usually 
the most effective control and the ailerons should be moved with 
the spin to aid recovery. The difference in characteristics of the 
spins appears to he associated with the difference in mass distribution 



INTRO HJCTION 



Modem aircraft design has, in recent years, shown an increased 
trend toward the raixltiengine type with two or more engines mounted 
in the wings . Instances have been reported where such aircraft have 
been inadvertently spun, but pertinent data about the spins are 
laclcing. The nature of the spin is of considerable interest and 
import/ance, not only from the point of view of correct control 
manipulation for recovery, but also from a consideration of the 
structural strength limitations of the aiirplane. 

Daring the past few years, routine .spin- timnel tests have been 
conducted at the NACA on models of seven multiengine aircraft. The 
spins were observed to have certain common characteristics that were, 
as a whole, different from those generally obtained with single - 
engine aircraft loaded along the fuselage. ITie piu-pose of the 
present paper is to summarize the quantitative data for the seven 
models and to discuss the characteristic differences between 



models of multiengine airplanes and of single -engine airplanes 
loaded along the fuselage and their spins . Sorae of the data presented 
already have "been treated qualitatively in reference 1 in a discusGion 
of the effects of mass arrangements on spinning chracteristics . Some 
Britioh chservations on the subject of spins of multiengine airplanes 
are included in reference 2. Extensive work with models of single - 
engine airplanes loaded along the fuselage is reported in references 3, 
h, and 5. 

SYMBOLS 



"b wing span^ feet 

S wing area, square feet 

ra,diu3 of gjTation a"bout the X ^x±r., feet 

ky radius of gyration about the Y axis, feet 

k^^ radius of gyration about the Z axis, feet 

m mass, slugs 

R computed radius of spin, feet 

V f\ill-scale true rate of descent, feet per second 

a acute angle between thrust axis and vertical (approximately 
equal to angle of attack), degrees 

0 angle between lateral (span) axis and horizontal (positive 
when the right wing is down), degrees 

a full-scale anglular velocity about spin (verticaJ.) ax:is, 
radi.ans per second 

p density of air at sea level, slugs per cubic foot 

i2ESCEn^TI0IT OF AIReLANES 

The multiengine airplane models tested (models 1 to 7), which 
were all of the twin- engine type, ai^e described in table I by means 
of their approximate weights and their nondimensional design 
characteristics. (All the airplanes were of the tractor type with 
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the exception of model 2, vliich was of the pusher design.) Photo- 
graphs of the models are shown in figures 1 to ?• The average 
values of the non dimensional design characteristics may he compared 
to corresponding average values presented for five pursuit-type 
airplanes typically representative of single-engine airplanes with 
i>- the mass distrihuted chiefly along the fuselage* Comparison is 

^ also made in the tahlo with the values for the model used in the 

tests of reference 3 . The results in reference 3 are for a single- 
engine model having a mass di.stribution similai^ to the average for 
the five single -engine pursuit models loaded mainly along the 
fuselage hut having a lower value of the relative density (m/pSb) 
"because lightly loaded trainers were not excluded in determining 
the average condition. 

It has been noted that the essential differences between 
fuselage loaded single-engine and multi engine aircraft are as follows: 

(a) In regard to extemal dimensions: 

The aspect ratio of the wing and the horizontal 
tailplane is greater for multi engine aircraft; that is, 
if a single-engine end a multiengine model are of the same 
span, the multiengine model will have a smaller chord and 
area for both the wing and the horizontal tailplane. The 
multiengine model will also have a smaller maximum fuselage 
depth • 

Multiengine aircraft are more apt to have dual vei^tical 
tall surfaces than are single -engine aircraft. As a result, 
the tail-^damping power factor (as defined in reference 6) is 
likely to be higlier for multiengine aircraft. Of the. seven 
multiengine aircraft in table I, however, only four had dual 
vertical tail ciurf aces . 



Present-day multiengine aircraft have large nacelles 
in the -^rlng to houoe the engines • 

(b) In regard to ma.ss distribution: 

The relative density is lower for multiengine aircraft. 
This factor has been found (reference 5) to ha.ve a signifi- 
cant effect on the spin, lower values of relative density 
being associated with steeper spins . The low value of 
relative density for the model of reference 3, which is 
representative of older single -engine aircraft loaded along 
the fuselage, thus gave somewhat steeper spins th^an would 
have been obtained for the more recent fuselage -loaded 
single-engine designs. For models of equal span the weight 
and wing loading would be lower for the multiengine model. 
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It is apparent from the nondimensional expressions 
for radii of gyration that more mass is distri'buted 
along the ving and less along the fuselage for the 
multiengine type. The t^./o values "b/^ Q-nd "b/ky; 

appear to te approximately interchanged for the two 



airplane designs and the values of the parameter 



are therefore quite different for the two types of aircraft, 
teing positive for multiengine aircraft and negative for 
aircraft of single-engine design loaded chiefly along the 
fuselage, 'fhis parameter determines, for a given attitude 
and rate of rotation, the inertia yawing moment acting 
during a steady spin. (The actual values of the 
individual radii of gyration are significant only during 
the unsteady part of the motion, as during entry or 
recovery.) For m^oltiengino designs, the parameter ^ ^ 
ky*^ - 1^2^ k^ " k-j^ 

^2 has a larger negative value, whereas ^"S 

has a sraaller positive value than the corresponding value 
for single-engine aircr-ai't loaded along the fuselage. 
These two parameters determine the rolling and pitching 
inertia moments acting during the steady spin. 



EESULTS 



The equivalent spin altitudes 
and the corresponding wing loading 
are given in the following tahle: 



at which the models were tested 
of each airplane represented 



K 0 cl e 1 


XX X ^.i. o 

type 


1 — ' — ■ 

Equivalent 
test alt5.tu.de 
(ft) 


Wing lofidin.g 
(lls/sq ft) 


1 


YP-38 


8 , 000 


34 ,5 


2> 


YFM-1 


14,000 


25.4 


3 


XF5F-1 


10, 000 


28 .4 


4 


. XB-A3-5 


20,000 


35.0 


5 


A_20 


20,000 


41 .0 


6 


XP-50 


15 , 000 


54. 4 


7 


E-25 


10, 000 


43 .4 



The results; v/hich are preser.ted in chnrt 1, were 
taken fron the originn.l test reports ^nd were obtained as 
de scribed in reference 7. 

The load factor nornal to the airplane thrust axis is 
computed as l/sin a on the assumptions that the result- 
ant aerodynamic force in a steady spin is approximately 
normal to the' thrust axis and that the vertical component 
of the resultant force is equal to the weight of the air- 
plane . 

The steady-spin characteristics vere obtained for 
rudders fully with the spin and elevator and ailerons cov-- 
ering all combinations of positions. Recovery was gener- 
ally attempted by reversal of rudders from fully with to 
fully against the spin. In several instances, recovery 
was attem.pted by reversal of elevator from full up to full 
down. The data*^ pre sent ed are for right 'spins. "Ailerons 
with the spin" means right aileron up in a right spin. 

The outstanding results for each model are as follows 
(a) Model 1 

Model 1 descended in a steep spin at a rate 
of speed in excess of 250 feet per second, full 
scale. Because of the high speed, few quantita- 



tive data were obtained. It was noted that the 
model would recover withirx two turns "by rudder 
reversal fron the norr-al spin a-nd that it would 
not spin when the elevator was full down. 

Model 2 

Model 2 spun v;ith elevator up hut would not 
spin with elevator neutral or down. The spins 
obtained were steep and had r high rate of de- 
scent (of the order of. 250 ft/sec). Aileron- 
against spins were steeper v/ith a higher rate of 
descent than aileron-with spins. The radius of 
spin was ahout 15 percent of the span and the 
load factor was ahout 2. The nodel x^rould not re- 
cover hy rudder reversal alone fron the spins 
ootained with elevator up. fairly rapid recov- 
ery could, however, he obtained hy uoving the el- 
evator fror. the full-up to the full-down posi- 
"tion, the rudder being left deflected with the 
spin. 

Model 3 

The only control configurations for vrhich 
nodel 3 would spin v/ere elevator up and" ailerons 
either neutral or with the spin. IPor ailerons 
neutral the rate of descent was over 236 feet 
per second, and for ailerons vrith, the rate of 
descent was 200 feet per second. For this nodel 
.with the loading varied scnewhat fron nornal , a 
test was nade which showed the turns for recov- 
ery obtained by elevator reversal alone to be of 
the sane order of nagnitude as those obtained by 
rudder reversal alone. 

Model 4 . " 

Model 4 spun steeply with a vertical veloc- 
ity exceeding .300 feet per second for all aileron 
•settings when the elevator was full up and for 
the aileron-with setting when the elevator was 
4:ieutral. Indications were that reversal of rud- 
ders alone would not effect recovery, but that 
noving ailerons and elevator against the spin 
would favor recovery. 
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(e) iModel 5 

Model 5 would spin for ailerons vith the spin "but 
not for p.ilerons against the spin. With aileron;j neutral 

r;j the model woulc' spin for elevator up "but not for elevator 

dora. All spins cttainod were very steep with higii rates 

^J^ of descent. The load factors were atout 2. The slowest 

recover^'- was obtained when the ailerons were set with the 
spin and the elevator was up. \Jhen all three controls 
were full with the spin^ satisfactory recovery could not 
he obtained by revereal of either rudder alone or elevator 
alone . 

(f ) iModel 6 

Foi" noiTiial control position^ the spin of model 6 
was steep with the rate of descent exceeding 3OO feet 
per ciecond. For ailerons against the spin or for 
elevator neutral or dowi the model wovild not spin. For 
ailerons with the spin and elevator up^ a flatter spin 
was obtained. Eecovery by rudder reversal alone from 
this .spin did not appear to be rapid. Elevator reversal 
alone^ however^ seemed more effective. 

(g) Model 7 

For model 7^ the spins obtained were very steep 
(angle of attack about 25^^) with very high rate of .descent 
(exceeding 320 ft/sec). Setting ailerons against the spin 
reduced the tendency to spin^ especially for elevator doim. 
It was noted, however, that. for this modal, unlike the 
case for the other models, a spin was obtained for elevator 
down and ailerons neutral. This model differed from the 
others, pai'ticularly in having a higher positive value of 

^2 and a negative value of ^5 (mass 

clia Lribution more nearly like that of aircraft of single- 
• ■ engine type loaded along the fuselage). The radius of 

spin was from 0.1 to 0 .3 of the span. Load factors obtained 
were of the order of 2.5. The indications vere that 
recovery by rudder reversal aloiie would be rapid except 
from spins with all three controls set full with the spin. 
From this spin neither r^adder reversal nor elevator 
reversal wa.s effective for recovery . 
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DISCUSSION 



The results obtained for all models were similai^ in that 
the spins with the ai].erons full vith the spin and the elevator 
full up had the poorest recovery chai^acteristics • Setting 
ailerons against the spin or moving the elevator down usually 
led to a condition in which the model would not spin. This 
result indicates that the most effective control manipulation 
for recovery is to move all three controls to fu3.1 against 
the spin. 

All oTjtainalDle spins V7ere at a low angle of attack^ and 
hence the drag coefficient was low and the rate of descent was 
high. The high rate of descent would naturally result in high 
oontrol forces. 

Tho rate of descent increases appreciably during the recovery 
from a spin and also during the pull-out from the ensuing dive. 
Reference 8 indicates that the velocity gained during tho return 
to level flight can "be diminished ty pulling out rapidly^ "but 
this procedure will give rise to high load factors. Because 
of the high initieJ. velocity^ skillful piloting would "be required 
to avoid exceeding either the safe load factor or the allowable 
maxinaim airspeed for some of the larger airplanes • 

The load factors during the steady spins ranged from about I.5 
to 2.7. As previously mentioned.^ these values are only approximate 
because of the assumptions involved in their computation. 

It should be realized that all the results presented were 
obtained with small -scaJ-e models and that the rrjngo of values 
obtained with full-scale airplanes may be somewhat different. 

The comparison between the general spin characteristics of 
single-engine aircraft loaded along the fuselage arid multiengine 
aircraft in the clean condition is as follows (values for single- 
engine aircraft loaded along the fuselage being taken from refer- 
ence 3): 
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Characteristl c 



Attitude 



Eate of descexit 



Angular rotation 

Eadlus/3paii 

Load factor dur- 
ing steady spin 

Relative effec- 
tivene;j8 of 
controls in re- 
covery 

Aileron din- 
-placemont to • 
aid recovery 



Fuselage --Loaded 
Sin/^e -Engine 
Aircraft 



Steep or f].at: 
a from to 77^ 

High or low: 
100 to l6o fp3 

2.6 to k.a 

radians/sec 

0.01 to O.lo 
1.0 to 1.8 



Eudder more ef- 
fective than 
elevator 



With apin 



CONCLTJDING "RER/\EKS 



Multieng;ine 



Steep: 
a from 22^ to kk^ 

High: 

l8o to 3ho fpg 

1 ,9 to 3 .8 . 

radians /sec 

0. 07 to 0.29 

1. k to 2.7 



Elevator more ef- 
fective than 
rudder 



Against spin 



An analysis of ell existing data indicates that the differences 
in spin characteristics of multiengine aircraft and single-engine 
aircraft with the mass distributed principally along the fuselage 
€ire probahJ-y due mainly to the differences in mass distribution. 
•The dimensionaJ. differences appear to be of secondary importance^ 
particiilarly Gince the spin characteristics' shown herein for the 
single -engine airplane with the mass distributed aJong the fuselage 
have been found to persisc over a wide raiige of dimensional variations. 
Further specific research will be necessaiy, however^ to isolate the 
important elements ond to determine Just which factors are responsible 
for the reported differences. 

Langley Memorial Aeronautical Laboratory. 

Nittional /Idvisory Committee for Aeronautics, 
Laiagley Field, Va. 
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TABLE I 

AIRPLAHE DESIOH CHARACTERISTICS 





Airplane 


Weight 
(approx, ) 

(lb) 


b^/S 


e.g. . 
/peroent\ 
\ M.A.C.j 




b/ky 


bAz 






k 2 - k 2 

tj ^ 




Tall damping 
power factor 
(a) 


b2 


b2 


b2 


density 


1 


YP-58 


11,500 


8.50 


25 .u 


6.86 


8.27 


5.5I4. 


66 X lo-** 


-20i' X 10-^ 


138 X \Q-^ 


8.66 


0.00051 




2 


TPM-1 


18,150 


7.12 


31.8 


8.55 


11.01 


6.88 


61 


-129 


68 


1^.93 


•0001108 




5 




8,6U0 


5.82 


25.2 


6.56 


8.08 


5.25 


76 


-21I4. 


137 


8.83 


.001975 




k 


XB-AB-5 


2^,500 


5.85 




6.89 


8.83 


5.U7 


82 


-206 


123 


7*li' 


.001735 




5 


A- 20 


19,050 


8.09 


21.75 


8.H 


9.51 


6.5U 


la 


-158 


97 


8.73 


.000314 




6 


xp-50 


10^50 


5t83 


20.5 


6.1i5 


8.69 


5.15 


108 




156 


10,7 


.oo2ia 




7 


B-26 


26,650 


6.9 


il;.7 


7Ja 


7.08 


5.20 


-18 


-171 


189 


8.7U 


.000517 




Average 
for 

models 
1 to 7 




16,963 


6.8I4. 


22.89 


7.25 


8.78 


5.66 


59 


-187 


127 


8.25 


.00108 




Average 
for 5 

engine 




5,500 


5.75 


25.51 


9.69 


7.?2 


6.03 


-78 


-81.5 


161^ 


8.a[^ 


.000085 




Values 
of ref- 
erence 
5 




U,720 


6.00 


25.0 


9J*0 


7.22 


6.02 


-81 

\ 


-au 


165 


7.00 


r.0001605 Tall 
^.00001013 Tall 
(^.0 Tall 


A 

B 
C 



*Tall dairying power factor calculated according to method of reference 6. 
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CtlQft 1 

5PIN CHARACTERISTICS ^ 
anding gear retracted; flap 5etrir\g neutral; rudder full wit h the spin prior to recovery attempt] g 



Model 1 



J 



\5C 



or 

069) 




(fp5) 




(a) 


R 
span 


load 
ractor 



(b) 



Model 2 



37 



i2 



28 


-6 


27j 
a 


D 


.14 2.) 



31 


1 


26a 




CO 


K |20 


1 


a 

3 



255 



2.3 



.15 



1.9 



2312.2 



CO 



.13 



1.7 



1iu 



■n 











if 


D " 





Model 3 

Cd) 



|86 



1^ 



1* 



1^ 



ie) 


(e) 


TOO 

1 





^ Turns for recovery by full rudder rever3Ql alone. 
t> Turn>5 for recovery by full elevator reversal olone. 
^ Hi^h verticQl velocit/ in excess of value noted. 
<^ Wandering spin. 
^ Oscillatory spin. 

^ No, )nd/cate5 model would not spin. ^ co. indicates model muld noi recover 



O 

D 
~1 



1 
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Cfiart 1 Crmtinu ed 

SPIN CHARACfFRlS I ICS ^ 
[Landing gear retracted; f/(3p .setf/A?^ ncairal; rudder lull miU Ihn spin prior to recovery cittemptjo 



Model 4 







300 







"Iter 



^00 



IT 



17 



oc 

Cd e g ) 

V 






R 


lood 



Model .6" 



It 



512 



55 

■Jwi- in 
,13 1.8 



31 









1 ^ 




0 











c 

511 









2^ 
155/ 



3 



3,8 



2812.9 



_3i 



34 



1t\ 


0 











3 


0 



272 33 

J. 
z. 



.07 



Model 6 ^ 







307 







I Not >>i 

|.o3/-7 



n-v- 



ft 



17 



44 


3 


ZI6 




Not in 





IT 



'^Turns' for recovtyij hij full rudder rcvcn-ot/ alone 
TwrrM foK recov€Yij bij lull ckvalor reversal alone 
"Higli vertica/ veloc/-,j m i^xcew of valMc /lolcd 

'^Wandering sp\n 

^ 0 sciWa'fori^ spi 

^No, md/cate^- wociel k ruio' df,' '^oc^l^KJlCa^t■( mdcl o/ci/lcJ n&t r( cover 



3-D 
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Chart irConcluded 

SPIN CH/ARACTERISTICS 



I 







Ifps) 




(o) 


R 
span 


load 
?Qctor 



Mode/ 7 







320 











S20 





329. 



25 


9 


312 


1.9 




29 


2.4 



24 


4 


301 


2.0 


-».? 


?8 


Z£ 



on 



v^ent info wide 
spiral offer rudder 



It 



22 


-5 


315 


2.5 


li 


.16 


21 


2f 


-7 




3.2 


Mi 


.10 


2.5 



23 


s5 


510 


3.1 


Wet fn 
1* 


.13 


2.6 



23 


1 


30) 


5.2 


2 


J) 





22 


2 


291 


3.8 




.06 


26 



27, 




Z85 


3.2 


2 


.10 


2.2 



^ Turns for recovery by full rudder reversal alone 
b Turn3 for recovery by full elevator reversal olone 
^ High vertical velocity in excess of value noted 
c< Wandering spin 
® Oscillatory spin 
No, indica tes mode) would not spin ^00, indicates model would not recover 
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Figure 1.- 



Three-quarter front view of 1/20- scale model of 
Lockheed YP-38 airplane. 
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Figs. 2,3 





Figiire 7.- Three-quarter front view of l/26-scale model 
of the Martin B-26 airplane. 



